Abstract Researchers and policymakers often rely on the infant mortality rate as an indicator of a country's health. Despite arguments about its relevance, uniform measurement of infant mortality is necessary to guarantee its use as a valid measure of population health. Using important socioeconomic indicators, we develop a novel method to adjust country-specific reported infant mortality figures. We conclude that an augmented measure of mortality that includes both infant and late fetal deaths should be considered when assessing levels of social welfare in a country. In addition, mortality statistics that exhibit a substantially high ratio of late fetal to early neonatal deaths should be more closely scrutinized.
Introduction
The infant mortality rate (IMR) is often regarded as a barometer for overall welfare of a community or country. As such, the IMR has been used by researchers as an outcome to be explained or as an explanatory variable to capture the socioeconomic development of a country.
1 Subsequent findings serve as policy conclusions or recommendations. As an example of policy dependence on a measured association between IMR and economic development, at least two of the eight Millennium Development Goals (MDG) directly reference this metric (United Nations 2013).
2
This article provides evidence that country-specific mortality rates may be reported with error even in countries with comprehensive coverage of mortality statistics and improved birthing characteristics (e.g., skilled antenatal obstetric care, hospital vs. in-home delivery, skilled birth attendant during childbirth). Moreover, we develop a method to correct these measurements so that crosscountry comparisons may be made by exploring a potential exception to the inverse relationship between IMR and development: namely, Cuba. Between 2001 and 2011, the average gross domestic product (GDP) per capita of Organisation for Economic Co-operation and Development (OECD) countries exceeded Cuba's average eightfold. Yet, during that same period, the IMR differed by only about 1 death per 1,000 live births. Perhaps more striking, for that same period, Cuba recorded an average IMR 18 % lower than the U.S. average, while GDP per capita in the United States surpassed that of Cuba by a factor of 10. Cuba's apparent IMR success has not gone unnoticed in the general media and academia. In fact, Cuba is often cited as the example of a poor country that has reached health standards comparable with those of rich nations, with this opinion based highly on its IMR. 4 We examine whether this observed contrast is due to systematic undercounting of infant deaths or actual improvements in infant health care. We show that Cuban official statistics severely undercount infant deaths. Careful analysis suggests that after the reported measures are adjusted, the corrected IMR is close to twice what is reported. Similarly, early neonatal deaths are as many as three times higher than figures reported officially.
Underreporting can be the result of improperly classifying late fetal deaths as early neonatal deaths. 5 Our findings suggest that 33 % to 50 % of all late fetal deaths may be classified instead as early neonatal deaths. On comparative terms, using the adjusted measures suggests that Cuba's adjusted IMR is slightly lower, on average, relative to countries with similar economic and social development. When compared with more developed nations, however, Cuba's adjusted IMR is not at the same level as previously held.
We obtain these results by exploring a significant discrepancy between the late fetal and early neonatal mortality rates reported by Cuba. More specifically, Cuba reports a late fetal mortality rate (LFMR) that is close to six times the reported early neonatal mortality rate (ENMR). As pointed out in previous literature (e.g., Velkoff and Miller 1995) , such disparity suggests substantial undercounting of infant deaths that, in turn, leads to artificially low levels of IMR. Using these two indicators, we develop a simple three-stage method that builds on the existing IMR correction literature.
The first stage of our method estimates a more plausible late fetal to early neonatal deaths ratio given that this ratio seems to be substantially higher in Cuba relative to other countries. We estimate the corrected ratio using key socioeconomic determinants of maternal, prenatal, and infant health. Using the estimated ratio, the second stage proceeds to adjust the late fetal and early neonatal deaths. Finally, in the last stage, we use the corrected early neonatal deaths to adjust the reported infant deaths. The method relies on relatively weak assumptions and can be readily applied to any country or region exhibiting reporting disparities similar to those observed in Cuba.
It is important to highlight that corrected IMR figures not only provide a better assessment of a country's socioeconomic development but also have relevant policy implications. National and foreign aid funds are typically allocated based on the priorities assessed by the state or the funding organizations. Understated mortality statistics might lead to an improper allocation of funds. This misallocation of funds, in turn, may result in less than necessary resources for infant and prenatal health care. Last, policies that try to aggressively reduce infant deaths (such as those pursued by Cuba after the 1959 socialist revolution) may distort incentives among health professionals. For instance, physicians may feel compelled to underreport infant death statistics if they are pressured to reach statistical targets. In the case of Cuba, for example, Hirschfeld (2007a, b) documented such instances of underreporting.
This study proposes two key policy recommendations. First, to reduce the incentives to misclassify infant deaths, an augmented mortality measure that includes both infant and late fetal deaths should be considered when assessing levels of economic development and social welfare in a country. Alternatively, more attention should be given to mortality measures that take fetal deaths into account (i.e., perinatal mortality rate, LFMR, and so on). Second, mortality statistics that exhibit a substantially high number of late fetal deaths (LFDs) relative to early neonatal deaths (ENDs) should be more closely scrutinized because this is typically a sign of misclassification.
Last, an overwhelming concern in comparative studies on infant mortality is the lack of comparable indicators given that definitions of live births and infant deaths vary significantly by country (e.g., European Commission 2003; McFarlane et al. 2003) . A key advantage of our study is the use of a unique data set, from the EURO-PERISTAT project (PERISTAT hereafter), which allows for valid comparisons across countries-a feat that is unachievable with other existing data sets. It is important to also highlight that previous treatments of this question in the context of Cuba, albeit very detailed and informative, relied heavily on personal accounts and anecdotal evidence (e.g., Stusser 2012) . As a result, quantitative evidence of IMR misreporting is mostly missing in the economics, demography, and development literatures. This article tries to fill the gap by presenting the first data-driven evidence of misreporting using Cuban infant mortality information.
Data and Definitions
To evaluate a country's reported aggregate health outcome as a metric of improved development, it is important to understand the construction of that health measure-in this case, infant mortality-as well as possible avenues through which discrepancies and difficulties in measurement may arise. In this section, we define discrete time periods on the gestational and infant timeline, and we describe the data available for measurement of infant mortality and its components.
Definitions
Figure 1 depicts periods of fetal and infant development from conception to birth and through the first year of life as classified by the ICD-10 (World Health Organization, WHO 1993). Four of these subperiods are relevant for defining fetal and infant mortality rates. The late fetal period begins at 22 completed weeks of gestation (or at a weight of the fetus of 500g) and ends at birth. 6 The early neonatal period begins at birth of the fetus and covers the first seven days after birth. The perinatal period encompasses both the late fetal and early neonatal periods. The infant period spans the first year after birth. Mortality rates are defined as the number of deaths occurring in a particular period per 1,000 live births. 
Data
Given the inherent difficulties in recording very early deaths, data on early neonatal and late fetal deaths are scarce. A notable exception is a World Health Organization (WHO) study that compiled late fetal and early neonatal deaths for almost every country worldwide for the year 2000 (World Health Organization, WHO 2006) . 8 The depth and scope of these data are tainted by one caveat: rather than using standardized measures to define deaths and live births, the WHO data rely on country-specific definitions. 9 The variation in these definitions-and, hence, reporting criteria-are a key obstacle for any comparative study. To overcome this limitation, we use a unique data set on perinatal outcomes collected by the EURO-PERISTAT (2008) project that allows for comparable measures of LFMR, ENMR, and IFM.
The PERISTAT project was created in 1999 as part of the European Union's Health Monitoring Programme in order to "develop valid and reliable indicators that can be used for monitoring and evaluating perinatal health in Europe" (EURO-PERISTAT 2008:19) . 10 The main advantage of this data set is that fetal and infant deaths are consistently recorded across countries by weight (in the case of fetal deaths) and by days since birth (in the case of infant deaths).
11 This, in turn, allows for measures of late fetal and early neonatal deaths that are comparable across all PERISTAT countries, a feat that was impossible using the WHO study or other available data sets containing birth and death data.
The 
Evidence of Concern
Based on their reported values, Cuba's IMR (5.79) is statistically the same as the average among PERISTAT countries (mean = 5.06; SD = 3.2). In this section, we compare mortality rates of PERISTAT countries and Cuba along other dimensions. We demonstrate a clear discrepancy that suggests further investigation.
Country Comparisons Using the PERISTAT Sample
Panel a of Fig. 2 presents LFMRs and ENMRs for PERISTAT countries and Cuba ranked by their perinatal mortality rates (PMRs). For ease of comparison, we show both 11 In the case of fetal deaths, most PERISTAT countries use a cutoff for their classifications of at least 500 g or 22 weeks of gestation as recommended by the WHO ICD-10 definitions. In the case of live births, most countries did not have a limit on weight or gestational age in their classifications. 12 Data for the United Kingdom is divided into three regions: England and Wales, Northern Ireland, and Scotland. In this analysis, we exclude France because of an obvious disparity in the reported live births and fetal deaths (i.e., only 14,737 live births are reported when, according to other sources, there were more than 700,000). Cyprus and Greece were excluded because of missing comparable information on fetal deaths. 13 Similar to PERISTAT countries, Cuba reports all deaths of fetuses weighting at least 500 g. In the case of live births, it is not clear from the Anuario Estadístico de Salud (2010) whether very LBW and extremely LBW births are included in their classification. However, the definition of live births does not play a significant part in the correction of mortality statistics presented in this article. Fig. 2 , which presents a scatter plot of the LFMRs and the ENMRs along with a linear fit for the sample of PERISTAT countries. Although the LFMR tends to be slightly higher than the ENMR, higher levels of ENMR are clearly associated with higher levels of LFMR, and vice versa. Additionally, the correlation coefficient between END and LFD in the PERISTAT sample is approximately .97. This similarity is not surprising; in fact, findings from the medical literature and previous cross-country studies support the positive correlation. For example, the 2000 WHO study stated that "stillbirths should equal, or more likely exceed, early neonatal deaths, as shown by data from developed countries, historical datasets and hospital data" (World Health Organization, WHO 2006:8) .
14 According to this report, such behavior is the result of neonatal and fetal deaths having many common causes and determinants. 15 A study of various Soviet republics comes to a similar conclusion (Velkoff and Miller 1995) .
PERISTAT Countries and Cuba Comparisons
We draw the reader's attention to two findings in Fig. 2a . First, with a reported ENMR of approximately 2.13 deaths per 1,000 live births, Cuba is below the sample average and outperforms countries such as Germany, England, and the Netherlands. Second, the reported indicators for Cuba sharply contradict themselves: although Cuba equaled and even bettered the ENMR of many countries in the PERISTAT sample, the same is not true for the LFMR. In fact, the LFMR level for Cuba is higher than that of all countries in PERISTAT, and the difference is quite substantial. With a reported LFMR of nearly 13 deaths per 1,000 live births, Cuba's LFMR is almost three times the average LFMR of the PERISTAT countries and two times higher than that of Latvia, which has the highest LFMR in the PERISTAT sample. The discrepancy is further corroborated in panel b of Fig. 2 , which shows that Cuba is clearly an outlier relative to the PERISTAT sample. This finding is unexpected given the correlation in the two measures in the PERISTAT sample and in previous studies. To further clarify this point, Fig. 3 depicts the ratio of LFDs to ENDs. Based on the aforementioned arguments, this ratio should be slightly higher than 1. 16 For the PERISTAT countries, this expectation holds: these countries exhibit an average ratio of about 1.84 (illustrated by the solid horizontal line), with all observations ranging between 1.04 (Denmark) and slightly more than 3.00 (Spain). Cuba, on the other hand, exhibits a ratio of more than six, or 230 %, higher than the PERISTAT average (panel b, Fig. 3 ). Velkoff and Miller (1995:255) pointed out (and showed that it is the case for various Soviet republics) that "if early neonatal deaths are being systematically misclassified as late fetal deaths, then the ratio of late fetal to early neonatal mortality will be high compared to its expected value." With this in mind, the disparity in the LFMR and ENMR might be the result of improperly classifying ENDs as LFDs. This misclassification, in turn, leads to a disproportionate ratio of these two measures as illustrated in Fig. 3 .
The similar pattern of very high LFDs relative to ENDs observed in Cuba may be the result of authorities purposely misclassifying ENDs as LFDs in order to present a lower IMR. The incentive for this type of misreporting lies in the technicality that the ENDs are counted in the IMR while LFDs are not. Therefore, this differential treatment of LFDs allows for the possibility that deaths that should be rightly classified as ENDs might, instead, be classified as LFDs. However, the exact reasons for the discrepancy cannot be readily identified from available data. Therefore, the purpose of this article is to report and adjust reporting discrepancies. Nonetheless, we discuss the plausibility of several alternative explanations for the high LFD-END ratio observed in Cuba.
One possible explanation may be that this high ratio resulted from a coding error or a particular shock in Cuba in 2004, the year for which the PERISTAT data are available and hence the year of study in this article. However, the ratios for Cuba from 1996 to 2012 (the latest year for which data are available) have been consistently above 4.0 every year. 17 An additional possibility may be that Cuba may count late-term abortions (LTAs) as part of LFDs, which would lead to substantially higher levels of LFDs given Cuba's high abortion rates.
18 However, the Anuario Estadístico de Salud (Dirección Nacional de Registros Médicos y de Salud 2010) clearly stated that the definitions for perinatal and late fetal deaths used by Cuba follow the WHO ICD-10 definitions, which 16 Recall that the WHO study states that the LFD should equal or, more likely, exceed the END. 17 Refer to Online Resource 1, Fig. S1 , for the LFD-END ratio for Cuba between 1996 and 2012, along with LFDs and ENDs. 18 See Belanger and Flynn (2009) for a discussion of abortions and state-sponsored abortion policies in Cuba.
to the best of our knowledge do not include LTAs as part of fetal deaths. 19 Last, it is possible that Cuba has understated ENDs rather than misclassified them as LFDs. In this case, our suggested adjustments can be considered a lower bound on the true IMR. We discuss this issue in detail in the following section.
Empirical Strategy Previous Literature on IMR Estimation
The Brass (1964) and Trussell (1975) methods (and versions derived from them) have been the most widely used early techniques for correcting the IMR so that it may be comparable across countries and reflect as little discrepancy as possible. Recent studies (e.g., Anthopolos and Becker 2010) have noted that the underlying assumptions of these methods might not be realistic in today's global and highly mobile world. An important assumption is that cohort losses observed in fertility surveys are due to mortality. However, in today's dynamic world, these losses might instead be the result of migration or displacement due to conflicts, among other things.
A second wave of methods corrects for the underreporting of infant deaths using, primarily, imputation techniques. The main idea behind these methods is to impute questionable indicators with those of countries with more rigorous recording systems and see how the overall mortality trends change as a result. Typical examples are the studies of Kingkade and Sawyer (2001) and Aleshina and Redmond (2005) for various Central Asian and Eastern European countries. 19 An alternative point of concern is that PERISTAT countries might classify LTAs as LFDs. In the case of PERISTAT countries, there is very little indication that they include LTAs as part of LFDs. According to the report, most countries used the WHO's ICD-10 definition as well. However, it is important to highlight that even if PERISTAT countries include LTAs in their LFDs, the results presented in this article are valid because Cuba's LFD-END ratio is an outlier even when PERISTAT countries' ratios are artificially inflated by the inclusion of LTAs. See footnote 30 for a detailed explanation of this aspect after discussing the empirical methodology. More recent studies diverging from these two methodologies model infant mortality using determinants of economic and social welfare (e.g., Anthopolos and Becker 2010; Lofgren and Lozano 2015) . Typical determinants include measures of public health development, social and economic development indicators, and quality of health care and other public amenities. The main contribution of this method is to allow these determinants to serve as explanatory variables, and hence predictors, of the IMR in a standard regression model. Theoretical and empirical support for these determinants comes primarily from the health economics literature where households choose (under certain constraints) health inputs in order to maximize health outcomes. In this case, the health outcome is infant mortality, and the optimization problem is to minimize it.
A New Methodology
In this section, we present a simple three-stage method that builds on the existing IMR correction literature. In Stage 1, we adjust the LFD-END ratio to avoid the discrepancies demonstrated in Figs. 2 (panel a) and 3. Stage 2 adjusts the LFDs and ENDs to obtain lower bounds on their true values. Last, in Stage 3, we adjust the IMR using the corrected input values.
Stage 1: Adjusting the LFD-END Ratio
We adjust the late fetal to early neonatal deaths ratio (LFD-END ratio, hereafter) by partially following a combination of the imputation and determinants methodologies. More specifically, we present two alternative approaches for the adjustment of the LFD-END ratio. The first approach, in the spirit of the imputations methodology, uses the reported ratios for the PERISTAT countries as a lower and upper bound for the corrected ratio for Cuba. 20 The second technique involves estimating a model of the LFD-END ratio as a function of typical fetal and newborn health determinants for the PERISTAT countries. The estimated model is then used to predict the corresponding ratio for Cuba using the observed characteristics.
In the first approach, we define a lower and upper bound for the true LFD-END ratio for Cuba under the following assumption:
Assumption 1: The true LFD-END ratio for Cuba is within the range of the reported LFD-END ratio observed in the PERISTAT countries.
Assumption 1 is necessary because the true LFD-END ratio for Cuba is unknown. Moreover, the reported ratio appears to be, as suggested by the evidence presented in the previous section, substantially above its expected value. Therefore, a plausible step is to assume that the true ratio lies within the bounds of the PERISTAT ratios. Using the PERISTAT sample minimum and maximum values for the LFD-END ratios (1.04 and 3.03, respectively), we define r min. and r max. as the minimum and maximum bounds on the LFD-END ratio for Cuba, where r min. = 1.04 and r max. = 3.03.
The second approach for adjusting the LFD-END ratio uses regression techniques. More specifically, we regress the reported LFD-END ratio on a set of determinants of LFD and END using the PERISTAT countries only. We then use the estimated coefficients from this model along with the observed values of the determinants for Cuba to obtain a prediction of the Cuban LFD-END ratio. The predicted ratio is, therefore, the product of the estimated coefficients from the PERISTAT sample and their corresponding determinants observed in Cuba.
More specifically, we estimate the following equation via ordinary least squares (OLS):
where r i is the observed LFD-END ratio for country i in PERISTAT, and x i is a k × 1 vector of k determinants of LFD and END for country i. We use the following eight determinants in various specifications of Eq. (1): maternal mortality rate, abortion rate, rate of LBW, adolescent fertility rate, prevalence of anemia among pregnant women, health expenditure, GDP per capita, and number of practicing physicians. 21 The maternal mortality rate, abortion rate, rate of LBW, adolescent fertility rate, and prevalence of anemia among pregnant women are considered direct determinants of both LFD and END, 22 while health expenditure, GDP per capita, and number of practicing physicians capture variation in health care provision, economic development, and other indirect determinants of prepartum and postpartum health.
23
The determinants in x i are measured in logs. β is a k × 1 vector of parameters to be estimated. Finally, ε i is a zero-mean error term.
24
As Anthopolos and Becker (2010) noted, measurement error due to underreporting of deaths is an important consideration in this literature because coefficient estimates like those from Eq. (1) might be biased as a result (and hence predictions from the estimated model will be biased). In their case, Anthopolos and Becker (2010) estimated a frontier model that takes into account the residual skewness problem caused by underreporting of deaths by most countries in their sample. In this study, we avoid this problem by using a sample for which underreporting is quite unlikely. Recall that the PERISTAT study was designed precisely to collect reliable and comparable perinatal mortality data across the countries in the sample. Although the data are reliable, the countries in the sample may not represent a random sample of countries considered to 21 Table S2 in Online Resource 1 provides a detailed description of these determinants. 22 Hemminki and Rimpela (1991) and Singh et al. (1997) provided examples of studies where LBW is clearly associated with anemic women. Other studies, such as Tamura et al. (1996) and Rondo et al. (1997) , showed a positive association between preterm delivery (an important determinant of fetal deaths) and the incidence of anemia in mothers. See Allen (2000) for a survey of the detrimental effects of anemia on pregnancy outcomes. In the case of adolescent pregnancy, Olausson et al. (1999) found that the risk of neonatal mortality is significantly increased for mothers aged 13-17 relative to mothers aged 20-24. The rates of very preterm births are also significantly higher for the former age group relative to the latter. In the case of maternal mortality, Anderson et al. (2007) found in Haiti that after a maternal death, the likelihood of experiencing the loss of the child is approximately 55 %. In the case of abortions, we want to capture the possibility that abortions may affect LFDs in cases where LTAs may be classified as LFDs. We thank an anonymous referee for this suggestion. 23 See Gupta et al. (2003) and McGuire (2006) for a review of the impact of basic health care provision on mortality for various developing countries. Additionally, refer to Birchenall (2007) for an analysis of the importance of economic development on mortality. 24 Refer to Online Resource 1 for further discussion of the choice of dependent variable and the functional form for Eq. (1).
be "developed." We discuss this issue, as well as the effect that it might have on the coefficient estimates and statistical significance, in Online Resource 1.
Although we avoid measurement issues given our sample, it is fair to point out that the predictors in Eq. (1) are endogenously determined. However, the main goal of our exercise is to predict the LFD-END ratio rather than obtain the underlying causal effect of these variables on the LFD-END ratio. In other words, we are interested in the correlations between these variables and the LFD-END ratio.
25
To obtain the LFD-END ratio for Cuba, we first obtain a prediction of the log of the ratio using the estimated coefficients from Eq. (1) and then retransform the log prediction using the typical normality-based approach.
26 That is, the predicted ratio for Cuba r Cuba is given by:
where x Cuba is the k × 1 vector of observed determinants for Cuba; β̂is the k × 1 vector of estimated coefficients using the PERISTAT sample; σ̂2 ε is the estimated variance of the residuals ε; and exp is the exponential or anti-log function. To avoid the normality assumption, we also estimate r Cuba using the smearing estimator proposed by Duan (1983) , which allows calculating the level predictions without any specific assumption on the errors. Refer to Online Resource 1, Table S3 , for results using the smearing estimator along with a brief discussion. The estimates, however, do not differ greatly from those obtained using the normality assumption. Panel a of Table 1 presents the estimated coefficients from Eq. (1) using the PERISTAT countries as the sample observations. Each specification includes at least one direct determinant of LFD or END and one determinant of overall public health quality and development. Because this regression is performed to obtain correlations that allow us to predict the LFD-END ratio for Cuba (i.e., Eq. (2)), we do not discuss the estimated relationships formally in the text. In general, signs and significance of coefficients on each determinant are as expected. Refer to Online Resource 1 for a detailed discussion of the empirical analysis. Panel b of Table 1 displays the point estimate and 95 % confidence interval of Cuba's predicted ratio for each of the five specifications of Eq. (1). 27 The estimated ratios for Cuba range between 1.19 and 1.59, depending on the specification used. Compared with the 2004 reported ratio of 6.10, the expected ratio is three to five times lower. Additionally, each ratio prediction for Cuba is below the PERISTAT average ratio of 1.87. This finding is supported by the fact that the observed covariates for Cuba tend to be closer to those of countries in the PERISTAT sample with LFD-END ratios that are lower than average. 25 Refer to Shmueli (2010) for a detailed treatment of the differences between explanatory and predictive modeling. 26 Recall that because all specifications use a log-log form, the linear prediction needs to be retransformed from logs to levels. 27 Refer to Online Resource 1 for a detailed description of the specifications used. The 95 % confidence intervals of the predictions (in brackets below the point estimates in Table 1 ) are calculated via bootstrap with 250 replications. Each replication involves a draw of the sample with replacement and of size equal to the sample size in the corresponding specification. The lower and upper levels of the interval are given by the 2.5 and 97.5 percentiles, respectively, of the distribution of estimates obtained from the 250 replications.
The interval predictions of the ratio range between 0.67 and 3.83. A closer look at the different specifications reveals that the high range is the result of Eqs. (3) and (4). Excluding the interval limits associated with these specifications from the analysis reduces the overall range of the predictions across all remaining specifications to 0.67 and 2.97.
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Stage 2: Adjusting the LFD and END
The adjustment of the ratio in the previous section (using the imputation or determinants approach) provides a value for r in the following equation:
where LFD * and END * are the true (and thus unknown) late fetal and early neonatal deaths, respectively, and r is the adjusted ratio obtained in the previous section.
29 Because Eq. (3) contains two unknowns, LFD * and END * , we specify a second equation in order to obtain values for LFD * and END * . Before defining the second equation, we make the following assumption:
Assumption 2: Perinatal deaths are correctly reported by Cuba.
Assumption 2 states that although both END and LFD might be misreported, their sum (i.e., perinatal deaths) is not. Plausibility of Assumption 2 comes from the fact that perinatal deaths are relatively simpler to report because by definition, they do not depend on the classification of live births. More specifically, to classify a death as perinatal, the health professional is not required to determine or even know (based on standard classifications) whether the birth is live or not, which tends to be a significant source of confusion given the different definitions. For example, a death occurring intrapartum (i.e., during childbirth) might raise doubts as to whether it should be classified as an LFD or END. This death, however, is classified as perinatal without hesitation. Therefore, although there might be some misreporting in LFDs and ENDs, perinatal death reports tend to be less complicated and more accurate.
Letting PD denote reported perinatal deaths, we specify the following identity:
28 Both the high point estimate and the wide confidence interval in Eqs. (3) and (4) relative to other specifications result from including two regressors-namely, the maternal mortality rate and the number of physicians-for which Cuba is a significant outlier. As discussed in Online Resource 1, this leads to unnecessary inflation of the standard error of the prediction (Verbeek 2008) and hence the limits of the confidence interval. 29 Because the proceeding analysis uses the adjusted ratio for Cuba, we omit the Cuba subscript used before.
where PD is known and assumed to be correctly specified by Assumption 2. Solving for the corrected late fetal and early neonatal deaths, we find the following:
where both LFD * and END * are functions of fully observable values of r (defined in various ways in Stage 1) and PD (obtained from Cuba's reported statistics and assumed 
Notes: Each column in panel a corresponds to a different specification of Eq. (1). The dependent variable is the log of the LFD-END ratio; values of determinants are in logs. Robust standard errors are in parentheses.
Maternal mortality rate is the number of deaths of women during pregnancy and childbirth for 100,000 live births. Abortion rate refers to the number of abortions per 1,000 live births. Low birth weight rate refers to the number of low weight births (<2,500g) per 1,000 live births. Health expenditure refers to the sum of public and private health expenditures (in current U.S. dollars) divided by total population. Number of physicians refers to the number of practicing physicians per 1,000 inhabitants. Adolescent fertility rate is the number of births per 1,000 women ages 15-19. Anemia refers to the prevalence of anemia among pregnant women. It is measured as the percentage of pregnant women with hemoglobin levels below 110 g per liter. Northern Ireland, Scotland, and England and Wales are included in Eq. (2) and (3). Aggregate data for the United Kingdom are used in the remaining specifications because data on health expenditure for the regions of the UK are not available. Cuba is excluded from all specifications in panel a. Refer to Table S2 to be correctly reported by Assumption 2). 30 If perinatal deaths are underreported (i.e., Assumption 2 does not hold), then LFD * and END * will be underestimated. Consequently, application of this method is most appropriate for countries with relatively good coverage of perinatal death statistics. If underreporting is suspected, LFD * and END * should be logically interpreted as lower bounds on the true values. In the case of Cuba, where most births occur at health facilities, the issue of poor coverage of perinatal deaths does not seem very daunting.
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Stage 3: Adjusting the IMR We use the corrected late fetal and early neonatal deaths from Stage 2 to correct the reported IMR. Letting ID * and ID R denote true and reported infant deaths, respectively, and letting END R denote the reported early ENDs, we calculate the corrected infant deaths for Cuba using the following specification:
where END * is defined by Eq. (6), and the term in parentheses gives all deaths occurring after the early neonatal period. Substituting Eq. (6) into Eq. (7), we obtain an expression for the true infant deaths that is a function of fully observable values:
where ID R , END R , and PD are reported by Cuban authorities, and r is the LFD-END ratio found in Stage 1. After ID * is obtained, it is straightforward to calculate the IMR. It is important to highlight several aspects of this three-stage calculation. First, from Eq. (8), we can see more clearly the implication of Assumption 2. If perinatal deaths (PDs) are undercounted, the value of ID * will be understated. Thus, it is important to stress that true infant deaths might in fact be higher than the calculated values presented in this article. Second, if deaths after the early neonatal period (ID R -END R ) are understated in official statistics, the value of ID * will be equally understated. The degree of underestimation in postneonatal deaths, however, might not be very substantial given that most infant deaths occur in the early neonatal period, which is the period being corrected in this study. Nonetheless, the corrected values presented in this article should be considered a lower bound on the true mortality indicators for Cuba. 30 In Eq. (6), if PERISTAT countries classify late-term abortions as LFDs, then r would be higher, and thus Cuba's corrected ENDs would be lower than if LTAs were not part of LFDs in comparison countries. If that is the case, then Cuba's corrected ENDs should be interpreted as a lower bound on the actual ENDs. 31 An interesting exercise that might be used to assess the validity of Assumption 2 would be to compare perinatal mortality rates across urban and rural regions in Cuba. The idea is that the quality of perinatal mortality records may differ substantially between rural and urban areas as is the case in many developing countries. Therefore, lower levels of perinatal mortality in rural areas relative to urban areas should raise flags on the quality of the perinatal statistics. Unfortunately, Cuba does not provide fetal and neonatal mortality data by region or urban/rural status in order to perform these comparisons. However, most births in Cuba occur within health facilities, even in rural areas. For example, for 2004, Cuba reported that 99.9 % of births took place in health facilities (Dirección Nacional de Registros Médicos y de Salud 2010).
Findings
Column 1 in Table 2 presents the reported LFMR, ENMR, and IMR from Cuban data, and the analogous values obtained using the proposed new methodology (columns 2-4). We obtain the values by first using Eqs. (5), (6), and (7) to adjust the raw deaths and then applying the mortality rate definitions to obtain the rates. The panels of Table 2 correspond to the two approaches in Stage 1 used to obtain the corrected LFD-END ratio for Cuba.
For each approach (i.e., imputation and determinants), we present three possible values of the adjusted LFD-END ratio for Cuba. The three possible values are the lower, middle, and upper bounds that the adjusted LFD-END ratio might take based on each approach. With the imputation approach, the lower and upper bounds on the estimated ratio are simply the lowest and highest values for the LFD-END ratio observed in PERISTAT (columns 2 and 4, respectively), while the middle value is the observed median (column 3). 32 With the determinants approach, the middle value is the point estimate of the prediction (column 3), and the lower and upper bounds (denoted as r .025 and r .975 , respectively) are the lower and upper limits of the 95 % prediction interval for Eq. (5) in Table 1 . We choose Eq. (5) as the preferred specification because it uses covariates for which Cuba is not an outlier, thus reducing the standard error of the prediction.
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For brevity, we discuss the findings using the middle-valued LFD-END ratio as the main ratio estimate (r median in the case of the imputation approach, and r in the case of the determinants approach). We refer briefly to findings using the lower and upper bounds for the ratio at the end of the section. Last, because reference is made to the number of deaths in the discussion, Table 2 also provides these values.
Late Fetal Mortality Rate
The LFMR reported by Cuba in 2004 is higher than expected when compared with the reported ENMR (13.60 vs. 2.13). In column 3 of Table 2 , correcting this measure produces an adjusted LFMR that ranges between 8.73 to 9.79 deaths per 1,000 births, depending on the approach used. This adjustment implies a difference between reported rates and the calculated rate using the new methodology of about three to four deaths per 1,000 births. In terms of raw deaths, this new calculation suggests that between 33 % to 50 % of all deaths officially classified as LFD perhaps should be classified as ENDs.
Early Neonatal Mortality Rate
Column 1 of Table 2 shows that for the year 2004, Cuban authorities reported an ENMR of only 2.13 deaths per 1,000 live births. After adjustments, however, this rate might actually be between 5.39 and 6.45 deaths per 1,000 live births depending on the approach used (column 3), suggesting that the ENMR is 2.5 to 3 times 32 r min. , r median , and r max. are 1.04, 1.80, and 3.03, respectively. 33 See Verbeek (2008) , for example, for a detailed treatment of this issue.
higher than the reported one. In terms of raw deaths, potentially 414 to 549 early neonatal deaths are unaccounted for-or, more likely, wrongly classified as late fetal deaths. In relative terms, our new calculation implies that between 60 % to 67 % of all early neonatal deaths were either omitted from official statistics or wrongly classified as late fetal deaths.
Infant Mortality Rate
Using the new methodology, the IMR of Cuba likely ranges between 9.04 and 10.11 infant deaths per 1,000 live births compared with the 5.79 reported officially. To put these figures in perspective, the actual rate might be as much as 76 % higher (10.11 vs. 5.79) than the reported one. It is possible that 36 % to 43 % of all infant deaths in Cuba in 2004 might be misreported.
Recall that our earlier discussion uses the middle value of the adjusted LFD-END ratio to obtain the adjusted mortality rates. Using the lower bounds of the adjusted ratio to calculate mortality rates (i.e., r min. in the imputation approach and r .025 in the determinants approach) reveals that the ENMR and IMR tend to be higher than the aforementioned ones because a lower LFD-END ratio implies higher early neonatal (n = 127,192) and total births (n = 128,867). The values for the ratios are r min, = 1.04, r median = 1.80, and r max . = 3.03. r median is the median ratio observed in the PERISTAT data set. The values of r .025 , r, and r .975 correspond to the estimated ratios for the lower limit of the 95 % confidence interval, the point estimate, and the upper limit of the 95 % confidence interval, respectively, for specification (5) in Table 1 . The values are presented in column 5 of panel b in Table 1 .
Source: Dirección Nacional de Registros Médicos y de Salud (2010).
deaths relative to late fetal deaths. The largest calculations are 8.65 for the ENMR and 12.31 for the IMR (using the determinants approach presented in panel b of Table 2 ). For such estimates, the amount of underreporting is overwhelming: the corrected ENMR is more than four times the reported value (8.65 vs. 2.13), and the corrected IMR is more than twice the reported one (12.31 vs. 5.79).
In the case where the estimated ratio is relatively high (i.e., r max. in the imputation approach and r .975 in the determinants approach), the estimates of the ENMR and IMR are lower than the ones using the middle-valued ratio. Depending on the resulting calculations, the reported ENMR and IMR for Cuba may not be artificially low if they are contained within the limits of the imputation bounds or if they are inside the confidence interval of the determinants prediction. However, a closer look at the results in Table 2 reveals that even the lowest possible estimates of the true ENMR and IMR are significantly higher than the officially reported values. 34 In the case of the ENMR, the lowest possible estimate of 3.80 deaths per 1,000 live births is almost twice the 2.13 reported value. 35 Similarly, the lowest possible IMR estimated is close to 29 % higher than the reported 5.79 deaths per 1,000 live births.
Updated Ranks
The fact that the IMR is a widely used indicator for cross-country comparisons makes the exercise of analyzing the effect of the corrected IMR on the relative rankings a necessary one. When compared with the PERISTAT sample, the adjusted mortality rates suggest that Cuba's standing is significantly affected. In the case of the ENMR, the corrected value is much higher than the PERISTAT average of 2.36 and well above the highest ENMR observed in this sample. 36 Moreover, Cuba's adjusted IMR places it at the bottom of the PERISTAT sample. It is close to twice the observed average of 5.06 and higher than all other PERISTAT countries.
On a broader scale, comparing the adjusted IMR values for Cuba with those of countries from different income levels and regions of the world suggests significant drops in the mortality rankings. Figure 4 shows boxplots of the infant mortality rates for high-and middle-income countries (panel a) and European, Latin American, and North American countries (panel b). 37 The solid vertical line represents the mid-value for the calculated IMR in Cuba, and the dashed vertical line represents the reported IMR.
38
Notice that in panel a, Cuba's reported IMR is within the range of high-income countries and significantly lower than the IMR of middle-income countries. However, the estimated median value (solid vertical line) is substantially higher than the median for high-income countries (10.11 in Cuba vs. 4.60 in high-income countries).
Panel b of Fig. 4 provides boxplots of the IMR for different regions of the world. The choice of Europe and North America is to illustrate how Cuba's estimated IMR fares compared with that of relatively rich countries to which it is often associated. The 34 These estimates are the ones obtained using the imputation approach presented in panel a of Table 2 . 35 This value corresponds to using the highest LFD-END ratio observed in the PERISTAT sample. 36 The highest ENMR corresponds to Latvia with 3.78 deaths per 1,000 live births. 37 The data used to classify countries by income (high, middle) and geographical region (Europe, Latin America, North America) are from statistics reported by the World Bank (2015) . 38 The solid vertical line uses the determinants approach (column 3, panel b in Table 2 ). The same analysis using the estimates from the imputation approach yields similar conclusions. choice of Latin America comes from the fact that Cuba is often cited as a "positive" outlier in the region because of its superior infant mortality indicators. Looking at the reported values (dashed line), Cuba's IMR is the lowest in Latin America and well within the ranges of Europe and North America. However, Cuba's corrected median IMR rate (solid line) is higher than that of Europe and North America. 39 Surprising, however, is that compared with Latin America, Cuba might not be a "positive" outlier after all. Although still low compared with the region, the actual infant mortality rate in Cuba might be higher than that of Chile (8 deaths per 1,000 live births) and close to that of Costa Rica (9.4 deaths per 1,000 live births).
Conclusion
In this study, we use unique data from 28 countries with similar reporting criteria in fetal and infant deaths in order to construct a new methodology for calculating IMR in countries with observed discrepancies in the components of this indicator. The new methodology explores two approaches to adjusting the reported late fetal, early neonatal, and infant deaths. It further examines the recent claim that Cuba has achieved IMRs that are comparable with those of developed countries.
Our findings cast doubt on the validity of the infant mortality figures reported by Cuba and the commonly held belief that such figures are comparable with those of more developed nations. Additionally, the new methodology shows that the relative infant mortality ranking of Cuba declines when underreporting is taken into account. A similar argument holds for other key indicators, such as the late fetal and the early neonatal mortality rates.
The analysis suggests two recommendations. First, reported mortality statistics that exhibit a sharp gap between END and LFD should be more closely scrutinized. Second, an augmented or more inclusive measure of mortality that includes both infant as well 39 The boxplot for North America includes only two countries (Canada and the United States). Therefore, the lower and upper ends of the box are the reported IMR for these two countries, and the middle line is simply the average of the IMR for the two. as late fetal deaths can be used to accurately capture mortality with the least difficulty and discrepancy in measurement. More importantly, this measure could help reduce the incentive to misclassify the components of perinatal deaths in order to reduce the IMR.
This article presents a simple yet applicable method for correcting the LFMR, ENMR, and IMR. The method can be applied to other countries or regions that exhibit reporting disparities similar to the ones evidenced in Cuba. However, the use of this method is not recommended in cases where countries have poor coverage of perinatal mortality (i.e., deaths during the late fetal and early neonatal periods are not observed or recorded). Instead, this procedure may be more suitable for countries or regions with relatively good observance of perinatal deaths but where classification of the components of this mortality indicator (i.e., late fetal and early neonatal deaths) are prone to error and, hence, lead to discrepancies like the ones observed in Cuba.
